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Abstract
Motivated by a recently proposed “bigravity” model with two positive tension AdS4 branes in
AdS5 by Kogan et al.[hep-th/0011141], we study behavior of bulk gauge field in the model. In
this case, the zero mode of the gauge field is not constant but depends on the fifth dimensional
coordinate transverse to the brane. The zero mode then becomes massive on the brane. From
the physical requirement that the mass must be small, a parameter of the model is constrained.
We also discuss the Kaluza-Klein modes.
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Over the past few years, theories with extra spatial dimensions have received much attention
because they potentially solve long standing problems such as the hierarchy problem, as was
originally suggested by Antoniadis, Arkani-Hamed, Dimopoulos and Dvali[1]. Afterwards Ran-
dall and Sundrum found a new solution to the hierarchy problem[2]. In addition, they showed
that gravity could be localized on a brane with infinite extra dimension[3]. Since then, various
types of models including gravity have been studied.
Recently Kogan et al. proposed a new “bigravity” model[4]. The model has only two positive
tension AdS4 branes in AdS5 bulk and no negative tension branes. Owing to the absence of
negative tension branes, the model does not have the ghost fields which appeared in the previous
“bigravity” scenario[5] and also in the quasi-localized gravity model[6]. But interestingly in the
model of [4] the bounce of the warp factor mimics the effect of a negative tension brane and
thus gives rise to an anomalously light graviton Kaluza-Klein mode. Moreover it is possible
in this model to circumvent the van-Dam-Veltman-Zakharov no go theorem[7] about the non-
decoupling of the extra polarization states of the massive graviton[8]. Similar discussions have
recently appeared in [9].
In this paper, we study behavior of the bulk gauge field in this new “bigravity” model. We
are especially interested in how the zero mode of the gauge field behaves in this background.
Following the work by Kogan et al.[4] we shall consider a five dimensional anti-de Sitter
spacetime (AdS5) with a warp factor
ds2 = Ω2(w)(g¯µν (x)dx
µdxν + dw2), (1)
where µ, ν = 0, 1, 2, 3. The metric g¯µν(x) denotes an AdS4 background. The warp factor Ω(w)
in the conformal coordinate w is given by
Ω(w) =
1
cosh(kz0)
1
cos k˜(|w| − θ) , (2)
where k˜ ≡ k/ cosh(kz0) and tan(k˜θ/2) = tanh(kz0/2), while tanh(kz0) ≡ kV1/|Λ|. k is the
curvature of AdS5 defined through k ≡
√
−Λ
24M3 . Λ is the five dimensional cosmological constant
which is negative. V1 and V2 are tensions of the 3-branes at the orbifold fixed points, w = 0 and
w = wL, respectively.
We are interested in behavior of the bulk gauge field in this background metric. Let us start
with the following five dimensional action;
SGF = −1
4
∫
dx4
∫ wL
−wL
dw
√
−GGMNGRSFMRFNS , (3)
where M,N,R, S = 0, 1, 2, 3, w and FMN = ∂MAN − ∂NAM . AM (xµ, w) is the bulk U(1) gauge
field. The extension to non-Abelian gauge field is straightforward. GMN is the five dimensional
metric defined through eq.(1). The equations of motions are given by
∂M (
√
−GGMNGRSFNR) = 0. (4)
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We solve the equations with the gauge condition
Aw = 0. (5)
As usual, we expand the field Aµ(x
µ, w) into zero mode and Kaluza-Klein modes:
Aµ(x,w) =
∞∑
n=0
a(n)µ (x)ρ
(n)(w). (6)
Plugging eq.(1) into eq.(4) with the gauge fixing condition (5) and the mode expansion (6), we
have the following equations;
1
√−g¯g¯νσa(n)ν
∂µ(
√−g¯g¯µρg¯νσf (n)ρν ) = −
1
Ωρ(n)
∂w(Ω∂wρ
(n)),
Ω∂wρ
(n)∂µ(
√−g¯g¯µνa(n)ν ) = 0. (7)
Here f
(n)
µν = ∂µa
(n)
ν − ∂νa(n)µ .
Both sides of the first equation in eq.(7) must be constant, which we write as m2n. In
addition, we choose the Lorentz gauge in curved spacetime. Thus
1√−g¯ ∂µ(
√−g¯g¯µρg¯νσf (n)ρν ) = m2ng¯νσa(n)ν ,
∂µ(
√−g¯g¯µνa(n)ν ) = 0. (8)
Then the equation of motion for the bulk gauge field reduces to
∂w(Ω(w)∂wρ
(n)) +m2nΩ(w)ρ
(n) = 0. (9)
The zero mode of the gauge field (mn = 0) satisfies
∂w(Ω(w)∂wρ
(0)(w)) = 0. (10)
Remarkably in the present case, unlike the case of the Randall-Sundrum model[3], the zero mode
is not constant but depends on the fifth dimensional coordinate w 2. It is of the form
ρ(0)(w) =
α
k˜
cosh(kz0) sin k˜(w − θ) + β, (11)
where α and β are integration constants. On the other hand, the KK modes satisfy the following
equation;
d2ρ(n)
dw2
+
d log Ω(w)
dw
dρ(n)
dw
+m2nρ
(n) = 0. (12)
We will come back to this equation later.
Next we shall consider the effective field theory in terms of the zero mode on the AdS4
brane. For that purpose we plug eq.(11) into the original action (3). The result is
S
(0)
GF = −
1
4
∫
dx4
∫ wL
−wL
dw
√
−GGMNGRSF (0)MRF (0)NS
= −1
4
∫
dx4
√−g¯g¯µν g¯λσf (0)µλ f (0)νσ
∫ wL
−wL
dwΩ(w)(ρ(0)(w))2
−1
4
∫
dx4
√−g¯g¯µνa(0)µ a(0)ν
∫ wL
−wL
dw2Ω(w)(∂wρ
(0)(w))2. (13)
2For recent work for the bulk gauge fields in the RS model, see Refs.[10].
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This is the action of the massive gauge field in four dimensions. We need to evaluate the
w-integrations appearing in eq.(13) such as
I1 ≡
∫ wL
−wL
dwΩ(w)(ρ(0)(w))2,
I2 ≡
∫ wL
−wL
dw2Ω(w)(∂wρ
(0)(w))2. (14)
At first we compute the integration I2 which is simpler.
I2 =
∫ wL
−wL
dw2Ω(w)(∂wρ
(0)(w))2
=
4α2
k˜2
cosh(kz0)[sin k˜(wL − θ) + sin k˜θ]. (15)
Next we evaluate the integration I1 which is more complicated.
I1 =
∫ wL
−wL
dwΩ(w)(ρ(0)(w))2
= 2
∫ wL
0
dw
(
α
k˜
cosh(kz0) sin k˜(w − θ) + β
)2
cosh(kz0) cos k˜(w − θ)
= log F (wL, θ)− 2α
2
k˜3
cosh(kz0)[sin k˜(wL − θ) + sin k˜θ], (16)
where
F (wL, θ) =
[
(1 + sin k˜(wL − θ))(1 + sin k˜θ)
(1− sin k˜(wL − θ))(1− sin k˜θ)
]a[
cos k˜θ
cos k˜(wL − θ)
]b
(17)
with
a =
α2
k˜3
cosh(kz0) +
β2
k˜ cosh(kz0)
,
b =
4αβ
k˜2
. (18)
Unlike the case of [11], this integral I1 does not diverge as long as L, which is the distance
between two branes in the original coordinate, is finite. Actually when L is infinite, the integral
diverges. We might say that L plays a role of an infrared cutoff in the model.
If we redefine the brane gauge field a
(0)
µ (x) as
√
I1a
(0)
µ −→ a(0)µ , (19)
we can rewrite the action in terms of canonically normalized field as follows;
S
(0)
GF = −
1
4
∫
dx4
√−g¯
[
g¯µν g¯λσf
(0)
µλ f
(0)
νσ +
I2
I1
g¯µνa(0)µ a
(0)
ν
]
. (20)
Therefore we can regard I2
I1
as the squared mass of the zero mode of the gauge field in four
dimensions, which must be very tiny so as not to violate current experimental bounds. For
simplicity, let us consider the case of symmetric configuration, i.e., wL = 2θ. In this case, the
mass of the gauge field zero mode on the brane is of the form
M2ZM =
k2
1
4 tanh(kz0)
(
cosh2(kz0) + (
βk
α
)2 1
cosh2(kz0)
)
log
[
1+tanh(kz0)
1−tanh(kz0)
]
− cosh2(kz0)2
. (21)
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where we have used the relation tan( k˜θ2 ) = tanh(
kz0
2 ).
According to the Particle Data Group[12], present experimental bound on the photon mass
is,
Mexp. < 2 × 10−16 (eV). (LAKES98)
Let us assume that (βk
α
)2 ≈ O(1). At x ≡ kz0 >> 1,
M2ZM (x) ≈
k2
1
4(1−2e−2x)
e2x
4 log
1+(1−2e−2x)
1−(1−2e−2x) − e
2x
8
= e−2xk2
(
x− 1 + 2e−2x
8(1 − 2e−2x) +
log(1− e−2x)
16(1 − 2e−2x)
)
−1
≈ 8e
−2x
x
k2. (22)
Comparing the above experimental bound with eq.(22), we find that we can make the mass of
the gauge field small enough if we choose large enough kz0, i.e. kz0 > 100. This condition gives
a weaker constraint to the model than that coming from present experimental and observational
bounds on the four dimensional effective cosmological constant discussed in [4].
Finally let us consider the KK modes which satisfy eq.(12). The general solution is given in
terms of hypergeometric functions;
ρ(n)(w) = c1F
(
αn, βn,
1
2
; sin2(k˜(|w| − θ))
)
+c2| sin k˜(|w| − θ)|F
(
αn +
1
2
, βn +
1
2
,
3
2
; sin2(k˜(|w| − θ))
)
. (23)
Here c1 and c2 are integration constants and
αn = −1
4
+
1
2
√(
mn
k˜
)2
+
1
4
,
βn = −1
4
− 1
2
√(
mn
k˜
)2
+
1
4
. (24)
In the symmetric configuration, we have only to consider even and odd functions with respect
to the minimum of the warp factor. In the case of the odd functions, we have c1 = 0 while the
even functions, we have c2 = 0.
In summary, in this paper we investigated behavior of the bulk gauge field in a recently
proposed bigravity model. We found that the zero mode of the gauge field is not constant but
depends on the fifth dimensional coordinate. The zero mode then becomes massive on a brane
and we require that the mass be tiny so as not to contradict current experimental bounds on
the photon mass. This requirement leads us to kz0 > 100. We also discussed the KK modes.
It will be interesting to study the bulk standard model where scalar field(Higgs) and fermion
fields(quarks and leptons) as well as gauge fields are in the bulk[13]. We are also interested in
the cosmology of this model.
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